Background
==========

Scorpion venoms are very diverse in chemical composition and action modes, but are known to contain enzymes, peptides, carbohydrates, lipids, biogenic amines and many other components \[[@B1]-[@B4]\]. Venom lethality among scorpions of the family Buthidae is attributed to the presence of toxic peptides that recognize ion channels, mainly Na^+^ and K^+^\[[@B5]-[@B7]\]. The most important peptides for toxicity are the alpha- and beta-scorpion toxins (here abbreviated α- and β-NaScTx), which are specific for Na^+^ channels. Two recent reviews on the subject can be found in Gurevitz \[[@B8]\] and Pedraza-Escalona and Possani \[[@B9]\].

Studies on the bioactive components of Cuban scorpions are scarce. As to the venom of *Rhopalurus junceus* (here thereafter abbreviated *R. junceus*), only a general biochemical and molecular biological characterization has been reported with some details \[[@B10]\]. The fact that this species is known to occur in different geographical locations in Cuba has instigated the present study.

Since venom contains a mixture of peptides and proteins secreted by specific glands, an analysis of venom components can produce a valuable fingerprint that is useful as a reference tool in taxonomic analysis, as a complementary method for morphological and behavioral characterization, but also for species identification and classification of related specimens \[[@B11]\].

Intraspecific venom variation has been previously studied in scorpions \[[@B12]-[@B15]\], and extensively in snakes \[[@B16],[@B17]\]. As well as being of interest in the study of the ecology and evolution of venomous animals, this phenomenon is relevant to therapy for scorpion stings and snakebites. Scorpion and snake venoms also represent a valuable natural source of biological products for basic research and biomedicine \[[@B16]\]. Thus it is useful to determine whether the components of interest are more abundant in the venom of certain individuals than those of others.

Venom composition variability among some scorpion species has been examined for such purposes as ascertaining measurable differences in the concentration of α-NaScTx between individual *Tityus serrulatus* scorpions of Brazil \[[@B18]\].

More recently, venom variability in specimens of the scorpion *T. serrulatus* was assessed by matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOFMS) analyses, by which significant variations were observed in the venom from a single individual extracted at different times, especially in later extraction events \[[@B13]\]. These variations are most likely related to production dynamics in venom gland cells. Equivalent results have been found in the venom of the scorpion *Androctonus mauretanicus*, whose lethality varies from specimen to specimen and pharmacokinetic parameters differ markedly in venom and antivenom \[[@B19]\].

Badhe *et al*. \[[@B20]\] detected intraspecific protein diversity using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) in venom from the red scorpion *Mesobuthus tamulus* from western and southern India. The authors suggested that differences in the band patterns of separated proteins in all venom samples indicated the existence of genetic variation in venom production among scorpion strains of western and southern India. Omran and McVean \[[@B12]\] examined intraspecific variations in venom from the scorpion *Leiurus quinquestriatus* collected in Egypt (Sinai and Aswan Deserts). SDS-PAGE and a densitometric gel scan showed that venom originating from Aswan contains several protein bands that are absent from Sinai-sourced venom. In contrast Sinai venom appears to have a large proportion of protein in the molecular weight range known to include toxins.

Proteomic analyses show that single scorpion venom might contain more than 100 peptide components \[[@B21],[@B22]\]. Out of more than 1,500 different species of scorpions known to exist in the world, approximately 50 have been characterized either by proteins or individual peptides \[[@B5],[@B6],[@B23]\]. Approximations approach nearly 100,000 for distinct components in scorpion venom peptides \[[@B7]\]. An estimative from 2006 shows that no more than 350 components were known at that time \[[@B7]\]. However, updated information available in the Animal Toxin Annotation Program of UniProt (<http://www.uniprot.org/program/Toxins>) provided manually curated protein entries for approximately 750 scorpion venom proteins.

A number of hyaluronidases have been isolated from the venoms of bees, snakes, wasps, hornets, spiders and fishes \[[@B24]-[@B31]\]. Furthermore, hyaluronidases have also been purified from the venoms of a few scorpion species: *Heterometrus fulvipes*, *Tityus serrulatus*, *Palamneus gravimanus* and *Buthus martensi*\[[@B32]-[@B35]\]. The only hyaluronidase sequence information obtained from scorpion (*Tityus stigmurus*) venom indicates a lack of similarity to any other known protein sequences \[[@B36]\]. However, studies so far have focused on the low-molecular-weight toxins, probably due to their apparent medical/biological significance, whereas the high-molecular-weight toxins or proteins have been scarcely studied thus far.

The comparison of sufficiently representative venom variations among scorpions from different geographical areas might be useful for taxonomic differentiation, as was found between the American scorpions of the species *Centruroides sculpturatus* and *Centruroides exilicauda*, initially thought to be synonymous species \[[@B37]\]. The study conducted by the latter authors should be taken into consideration to ascertain whether the differences between individuals identified as a single species but collected in different geographical areas might support a different taxonomic assignation.

In relation to the venom of *R. junceus*, the scorpion of interest in the present communication, there are several reports dealing with its toxicity and pharmacology, electrophoretic and chromatographic separation, antimicrobial activity and general biochemical characterization \[[@B10],[@B38]-[@B43]\].

This scorpion species is equally distributed throughout Cuba, including the islands adjacent to the country. It is the most common scorpion in the country, and stings hundreds of people each year, but its venom contains an LD50 dose of about 8.0 mg/kg, which is not dangerous to humans (<http://en.wikipedia.org/wiki/Rhopalurus_junceus>). No deaths have been reported, with the exception of a few cases most likely due to anaphylactic shock following a hypersensitivity immune reaction \[[@B38]\].

Apart from its bioactive peptides, the venom also displays activities of such enzymes as hyaluronidase and phospholipase. While the hyaluronidase activity appears ubiquitous in all venom samples collected in distinct geographical areas showed this activity, phospholipase activity was observed in scorpions collected in the humid area of Baracoa, Guantanamo Province.

In the present communication, the venoms of scorpions collected in five different locations were studied after chromatographic separation and proteomic analysis. Despite the important morphological similarities found, the different biochemical and mass spectrometry results indicate that we might be dealing with very important interpopulational variations, or even with different subspecies of the *R. junceus* scorpion found in the five populations of the Nipe-Sagua-Baracoa mountain massif. Among a total of 227 molecular masses identified from the five different geographical areas studied, we identified 153 as different components.

Methods
=======

Sources of venoms and chemicals
-------------------------------

Scorpions of the species *R. junceus* were collected in five different locations, with official permission (CITMA 007.01.126) of the "Centro de Inspección y Control Ambiental" of Cuba for the collection and management of flora and fauna.

The *R. junceus* venom was obtained by electrical stimulation from ten adult scorpions from five different geographical areas of Cuba. From Moa: nine females and one male, from La Poa: six females and four males, in Limonar: seven females and three males, from El chote: eight females, two males, and in Farallones: seven females, three males.

After three days in captivity, the individual scorpions from each area were milked and pooled together, with the venom secretion having been collected inside small ampoules and lyophilized. The venom was kept at −20°C. Once in Mexico, the content of each tube was solubilized in water, centrifuged at 10,000 × *g* for 15 minutes; and the absorbance of the soluble venom was read at 280 nm. The soluble venom (assuming one unit of absorbance is equivalent to 1 mg/mL of venom concentration) was adjusted to a final concentration of about 2 mg protein in 300 μL, and applied to the HPLC column for each independent chromatographic separation. The solvents and chemicals used were of analytical grade and double-distilled water was used throughout \[[@B10],[@B21]\].

Isolation procedures
--------------------

The soluble venom from each locality was separately applied into the high performance liquid chromatographic (HPLC) system. Usually, 2 mg dissolved in about 100 μL was applied each time. An analytical C18 reverse-phase column (dimensions of 250 × 10 mm) obtained from Vydac (USA) was used for HPLC fractionation. Components were purified using a linear gradient from 0% solution A \[0.12% trifluoroacetic acid (TFA) in water\] to 60% solution B (0.10% TFA in acetonitrile), run for 90 minutes. The detection was monitored by absorbance at 230 nm with 0.5-unit sensitivity and eluted at 1 mL/min flow-rate. Fractions were collected manually and dried using a Savant Speed-Vac drier.

Mass spectrometry analysis
--------------------------

For fingerprint analysis, the approximate amount of protein content of each dried sample was estimated, based on the HPLC profile of the separation (integral under the curve for each component). The samples were reconstituted to a final concentration of 0.1-0.5 μg/μL of 50% acetonitrile with 1% acetic acid and directly applied into a Finnigan LCQ^Duo^ ion trap mass spectrometer (USA), using a Surveyor MS syringe pump delivery system. The eluate at 10 μL/min was split to allow only 5% of the sample to enter the nanospray source (0.5 μL/min). LC-MS/MS analyses were performed with a PicoFrit needle/column RP C18 from New Objective (USA) using a fast gradient system from 0 to 60% of B (acetonitrile and acetic acid 1%) in 60% minutes. The spray voltage was set between 1.6 and 1.8 kV while the capillary temperature was set from 100 to 130°C depending on the chosen experimental conditions. All spectra were obtained in the positive-ion mode. The data acquisition and the deconvolution of data were performed with the Xcalibur software on a Windows NT PC system.

Hyaluronidase activity
----------------------

The activity of the enzyme hyaluronidase was determined using two different methods described, respectively, by Tolksdorf *et al*. \[[@B44]\] and by Cevallos *et al*. \[[@B45]\]. The first protocol is known as the turbidimetric method, in which hyaluronic acid (0.4 mg/mL) is dissolved in 100 mM Na-phosphate buffer, pH 5.8, containing 150 mM NaCl and hexadecilpiridinium made at 10% concentration in distilled water. Small amounts (2--4 μg) of either venom or semi-purified fractions were used in each tube. The turbidity was read at 540 nm. The method by by Cevallos *et al*. \[[@B45]\] employed sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) \[[@B46]\], where the acrylamide was copolymerized with 0.5 mg/mL hyaluronic acid. The apparent molecular weight of the enzyme, if present, was observed by a clear degraded zone in the position of the SDS-PAGE gel where the enzyme had migrated, after staining and washing.

Phospholipase activity
----------------------

Phospholipase activity of soluble venoms was determined by incubating aliquots of the samples into the gel-plate medium containing the appropriate substrate, as described by Habermann *et al*. \[[@B47]\]. This is a sensitive and very simple assay, consisting of a plate containing egg yolk (rich source of phospholipids) in a solid medium of 0.3% agarose in the presence of 10 mM calcium, and observation of the clear extension around the point at which the samples are applied, after a certain number of hours. For the entire venom, at least five-hour incubation is required. A known phospholipase is always used as positive control and buffer alone as negative control.

Results and discussion
======================

Figure [1](#F1){ref-type="fig"} shows a map corresponding to five geographical areas where scorpions judged to be of the species *R. junceus*, based on various morphological markers, were collected. Ten animals from each locality were milked for venom, as described in the section Material and Methods, after which the samples were subjected to chromatographic separation and molecular mass determination.

![Map of Cuba showing the enlarged area (Guantanamo - Gtmo) were samples were collected.](1678-9199-19-13-1){#F1}

Figure [2](#F2){ref-type="fig"} shows the profile, obtained by chromatographic separation, of the soluble venoms in a C18 reverse-phase column. For better clarity, the various components resolved by this technique were divided into three separate sections of the figure: (A) venoms collected in Moa and La Poa (abbreviated Poa); (B) scorpions from the area Limonar (Lim) and El Chote (Cho), and (C) the venom obtained from animals collected in Farallones (Far). Close analysis of these five separations reveals similar characteristics.

![**HPLC separation of soluble venom from different geographical areas:** A 2-mg protein portion from each venom was separated into a C18 reverse-phase column eluted with a linear gradient from solution **A** (0.12% TFA in water) to 60% solution **B** (0.10% TFA in acetonitrile), run for 60 minutes: (**A**) venom of scorpions collected in Moa and La Poa; (**B**) venom collected in Limonar and El Chote; (**C**) venom collected in Farallones.](1678-9199-19-13-2){#F2}

The venoms do contain some closely related profiles in relation to the major components and time of elution, but the relative concentrations seem to be variable. This is already well documented from similar analyses conducted on other venoms, especially when the number of individuals used for preparation of the pooled mixture is small \[[@B48],[@B49]\].

During three decades, the work performed in our laboratory on venoms collected from scorpions of the species *Centruroides noxius* and *Centruroides limpidus limpidus*, collected by the thousands every year (usually four to five thousand annually), has always shown a very similar separation profile using Sephadex G-50 and Ion-exchange columns, also confirmed when using HPLC \[[@B50],[@B51]\]. Some of the differences reported herein might well be due to the number of specimens used, but also to the different number of males and females in a given sample.

It has been reported that some differences are found when scorpion venoms are fractionated separately for each sex of the same species \[[@B52],[@B53]\]. Nevertheless, it is evident that the majority of the venom components are eluted in 30 to 60 minutes, regardless of the sample origin. They do contain components that elute quite similarly in a C18 reverse-phase column. Peptides eluting around 30--40 minutes from other venoms of scorpions of the family Buthidae correspond to molecular masses close to 4 kDa, and have been demonstrated to be peptides that recognize K^+^ channels, whereas peptides eluting in 40 to 50 minutes (the most abundant components of the venom) usually correspond to a molecular weight of approximately 7 kDa and have been shown to be specific for Na^+^ channels \[[@B5],[@B6],[@B36]\].

These results are also in agreement with a previous communication from our laboratory dealing with the biochemical and molecular biological characterization of *R. junceus* venom \[[@B10]\]. In the latter publication the presence of 16 different peptides in the range of 7--9 kDa were cloned and reported, among which, are certainly the Na^+^-channel toxins. In the same publication, physiological experiments showed the presence of both types of peptides in this venom: those affecting Na^+^ and those affecting K^+^ channels, especially hERG potassium channels.

As shown in Figure [2](#F2){ref-type="fig"}, the number of subfractions separated according to geographic areas is on the order of 60, all of which were submitted to mass spectrometry analysis.

Table [1](#T1){ref-type="table"} displays the results of the proteomic analysis of the fractions collected from the five HPLC columns, using the same operator, column and apparatus. Furthermore, it can be noted that the elution times of the various components are highly uniform, varying less than one minute, as reflected in the clustering in Table [1](#T1){ref-type="table"}.

###### 

Retention times and molecular masses of venom components

  **RT (min)**   **Moa MW Da**      **La Poa MW Da**                     **Limonar MW Da**                  **El Chote MW Da**           **Farallones MW Da**
  -------------- ------------------ ------------------------------------ ---------------------------------- ---------------------------- ----------------------------
  2.84                                                                                                      466                           
  4.20                                                                                                      2435                          
  6.89-6.98      5361                                                    3215                               6432                         5360
  8.71-10.24     2173                                                    2173                                                            2174
  21.56-21.73                                                                                               5175                         2548
  26.26                             3554                                                                                                  
  30.57-31.35                       4036, 3873, 4139, 4195, 3947, 4033   \*4033, 4144                                                     
  31.51-31.96    3946               4837, 4943                           3944                                                            3925
  32.07-32.80                                                            \*3384, 4940                       \*3875, 3983, 4143, 3945     \*4835, 3963
  33.07-34.56    4835                                                    \*1922, 4010                       \*5208, 5769                  
  36.16-37.03                       4199, 4271, 4298, 4048               4271, 4198                         6005, 6095                   \*3360, 4274
  37.09-37.54                                                            \*4710, 4297, 4209, \*4047, 6543   4199, 4297                   \*4048, 6544
  37.92-38.95                       7081, 7196                           7080                               \*7192, 7305                 7087, \*7163, 7053
  39.00-39.83    6544, 7080, 7192   7342, 7101                           7053, 7085                         6242                          
  40.38-40.65    7037, 7148, 7103   7115, 4184, 4182                     \*7100, 7265, \*7099, 7110         7086                         7101
  41.16-41.98    7371, 7431                                              \*4181, 7430                       \*7101, 7375                 \*4183, 7542, \*4871, 4597
  42.05-42.83                       12735, 7285, 7397, 9264              4467, \*6366, 6946                 4183,7482                    6366
  43.22-43.94                       3716, 8040                           7285,                              \*6367, 6477, \*7394, 7509    
  44.17-44.88    7064, 8045, 8200   7039, 7427, 7355                     \*7031, 7061, 7086, 8042, 7354     7433                         7032, 7061, 7090
  44.95-45.83    7039               10196, 12236, 14080, 14275, 17140    7355, 7115, \*7136, 7079           7034, 7355, 8196             8199, \*7136, 7079
  46.05-46,74    7518, 7402         7402                                 7128, 6934                         \*7040, 7313                 7093
  46.80-46.99    7431                                                    7179                               7058                         7128, 7180
  47.11-47.33                       7973                                 7431                               \*7128, 7403                 \*8081, 7655, 7539
  47.51-47.92    7972                                                    \*7109, 7971                       7431                         7973
  48.13-49.01    6993, 6891         6860, 13722                          6994, 6861                         \*7109, 7947, 6993           6910, 6861
  49.19-49.86    6926               6926, 7162                           7960,                              6861                         \*6625, 6994, 7959, 6924
  49.93-50.60    7162               14946, 15925, 16923, 18770, 19755    6925                               6925                          
  50.73-51.13    7946                                                    7161                                                            \*7160, 6970, \*7233, 7039
  51.22-51.66                       7264, 7280                           7041                               7162                         \*14465, 15894
  51.79-52.27    7263                                                    7946, 7263                         7947                         \*7263, 7898
  52.29-52.91    7280                                                    7280                               7280                          
  53.19-53.52    7949                                                    14560                                                            
  54.77-55.19                                                            \*6897, 7281                       6899                          
  56.75-58.14    8089               8090                                 8090                               8088                         8088

\*Each fraction from the HPLC separation shown in Figure [2](#F2){ref-type="fig"} was analyzed by mass spectrometry, as described in Material and Methods. When more than one component was found per sub-fraction, the asterisks indicate the component with apparent higher concentration on that particular fraction.

A small time variation can be verified by the identification of identical components found in venoms originating from different areas, which strongly supports the suspicion that the venoms are from the same, or a very closely related, scorpion species. Before analyzing specific examples, it is important to note that the equipment used for mass spectrometry determination (LCQ^Duo^) has effective resolution at the level of one atomic mass unit. Thus, components that differ by about one mass unit can be considered identical.

It is also possible that two peptides with the same molecular masses have different amino acid compositions, and hence are not the same. However, since we are comparing results obtained from scorpions assumed to be of the same species on account of their morphological characteristics, it is very likely that those having the same molecular masses are in fact the same peptides.

Taken together, these observations indicate the presence of about 153 different peptides among the five venoms. It is worth noting that this figure was obtained by adding each of the different masses obtained from the five localities where scorpions were collected. That is, the actual number of distinct peptides found in individual areas is less than 153, out of the 227 total masses obtained.

Consider the following partial list of coincidences which make quite clear that many of the components found have the same molecular masses and come from scorpions of different areas. With an elution time of around 6.9 minutes, a peptide weighing 5360--5361 Da was found in Moa and Far. A peptide of 2173--2174 was found in Moa, Lim and Far with an elution time of around 9 minutes. The same 4033 Da peptide was found in Moa and Lim; another weighing 3944--3945 Da was found in Lim and Cho; one of 4835 Da was present in Moa and Far. Peptides of 4198--4199 Da were found in Moa, Lim and Cho. Peptides eluting in around 37 minutes with molecular masses of 4297--4298 Da were found in Poa, Lim and Cho. Peptides weighing 4047--4048 Da were obtained in Poa, Lim and Far. Peptides of 7080--7081 Da were in Moa, Poa and Lim. Peptides with molecular masses of 7100--7101 were found in Poa, Lim and Cho. Peptides with molecular masses between 4181 and 4283 Da were found in four locations: Poa, Lim, Cho and Far, eluting in about 41 minutes. Peptides of 7354--7355 Da were found in Poa, Lim and Cho. Peptides weighing 7128 were found in Poa, Lim and Far. Peptides of 6993 to 6994 Da were in Moa, Lim, Cho and Far. Peptides with 6924--6926 are in all venoms. Similarly, those having a molecular weight of around 7160--7162 were found in all venoms. Peptides weighing 7263 Da were in Moa, Lim and Cho; others between 7280 and 7281 Da were in Moa, Lim and Far, whereas peptides weighing 8088 to 8089 Da are in Moa, Cho and Far. We have not indicated here all coincidences, but it is quite clear that many of the components found have the same molecular masses and come from scorpions of different areas.

Figure [3](#F3){ref-type="fig"} shows the results obtained from separating the five venoms by SDS-PAGE electrophoresis in which hyaluronic acid was included in the gel, for the identification of the enzyme hyaluronidase, as described in the section Materials and Methods. This figure clearly shows that venoms from ten different scorpions, five males (see lanes 1, 3, 5, 7 and 9) and five females (lanes 2, 4, 6, 8 and 10), were shown to contain an active enzyme with a molecular weight of approximately 45 kDa. This activity was also confirmed by the turbidimetric method of Tolksdorf *et al*. \[[@B44]\], using different amounts of venom (data not shown).

![**SDS-PAGE gel electrophoresis for detection of hyaluronidase activity.** Venom from male scorpions (1, 3, 5, 7 and 9) and female scorpions (2, 4, 6, 8 and 19) containing 50 μg of protein each were run in gels containing hyaluronic acid, as described in Materials and Methods. The white band at approximately 46 kDa indicates the presence of hyaluronidase activity. Positive control was a venom sample from the spider *Brachypelma vagans*.](1678-9199-19-13-3){#F3}

Phospholipase activity was verified by the egg yolk-agarose technique (data not shown) in fractions eluting at retention time between 45 and 51 minutes only for the venom obtained in Poa (see molecular masses of Poa in Table [1](#T1){ref-type="table"}).

Morphological analyses also performed on specimens collected in the five aforementioned areas strongly support the conclusion that they all belong to the species *R. junceus* (manuscript in preparation).

Taken together, all these results suggest that the scorpions in these five different areas of Cuba are either from the same species or subspecies of *R. junceus*, with the variations already indicated (differences in sex ratio used for milking), or intraspecific variations present in venom of scorpions from other regions \[[@B12]-[@B15]\].

It is worth mentioning that the five geographical areas are situated at different altitudes while the mountains arrayed from east to west along the island form a physical barrier between the north and south that gives rise to a climate gradient, leading to more rain in the north in contrast to the semi-desert conditions in the south. There are also two rivers (Sagua in the north) and (Yumurí in the east). Limonar and Farallones are separated by a mountain (460 m) and a river (the Sagua). Farallones and Moa are closely situated, about 20 km apart, at respective altitudes of around 70 and 12 meters above sea level. Furthermore, whereas Farallones has rocky soil, La Moa presents a sedimentary landscape. Limonar is separated from Farallones and Moa by its higher altitude (460 m) and the fluvial river Sagua. El Chote and La Poa are more than 180 Km apart, and are also separated by the rivers Sabanalamar and Yumuri. In addition, El Chote is situated at a much higher altitude (630 m) than La Poa, which is at the sea level. Despite the contribution of these geographical barriers to the variations found in the scorpion venom components from these different areas, the samples are very likely from the same species.

However, the fact that Table [1](#T1){ref-type="table"} shows molecular-weight variations in the components from the different areas leaves the speciation question unresolved. This aspect must be confirmed by means of more appropriate genetic markers. Since the most abundant components are in the range expected for peptides that recognize K^+^ and Na^+^ channels, further efforts should be focused on sequencing and conducting specific physiological assays with these components.

Conclusion
==========

This communication reports the results of the first proteomic analysis of components from the soluble venom of the Cuban scorpion *Rhopalurus junceus* collected in five different geographical locations of the country. At least 153 different molecular masses compounds were identified, among which are peptides with molecular weights in the order of 4 kDa, known to be K^+^-channel specific peptides, and 7 kDa, known to be Na^+^-channel specific peptides, confirming earlier findings by our group showing the presence of such peptides in this venom \[[@B10]\]. Approximately 30 peptides found in the venom samples from the different geographical areas are identical, supporting the idea that they all probably belong to the same species of scorpion, with some interpopulation variations. The enzyme hyaluronidase is ubiquitously present in all samples, whereas phospholipase activity was found only in scorpions collected in POA. The HPLC separation of the various samples showed similar profile but with some variations, especially in the relative amount of each component.
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